Background and Purpose: Although warfarin and perhaps aspirin may be effective in preventing thromboembolism in patients with nonvalvular atrial fibrillation, some patients develop cerebral infarction despite these therapies. The purpose of this study was to determine inhibition of platelet aggregation in patients on aspirin and platelet reactivity in those on warfarin in the Stroke Prevention in Atrial Fibrillation study.
W arfarin has been shown to produce a relative risk reduction for brain and systemic embolism in patients with nonvalvular atrial fibrillation (NVAF) in five clinical studies. [1] [2] [3] [4] [5] Through its inhibitory action on the production of functional clotting factors, warfarin is thought to prevent red clot formation in chambers where there is stasis, the presumed mechanism for thrombus formation in the heart in atrial fibrillation. 6 Warfarin is not expected to inhibit platelet aggregation, however, and a thrombus itself is a stimulus for platelet adhesion and aggregation and additional thrombus growth. In addition, abnormal endocardial tissue surfaces and carotid stenosis may be found in patients with NVAF, suggesting platelet-dependent mechanisms for thrombus formation in this situation.78 Nonetheless, the value of warfarin anticoagulation for the prevention of stroke in patients with NVAF seems well established.
The efficacy of aspirin in the setting of NVAF, however, is less clear. Although aspirin therapy did significantly reduce stroke incidence in the Stroke Prevention in Atrial Fibrillation (SPAF) study, other studies have not shown a similarly beneficial effect; however, given the different doses of aspirin used in the studies, their results are difficult to compare.1-3 Recent studies suggest that different doses of aspirin may be needed to inhibit platelet aggregation and that a given dose of aspirin may not achieve the same effect in all patients.9 '10 Although the mechanisms that underlie the failure of aspirin or warfarin therapy to prevent stroke in NVAF patients are not fully understood, aspirin failure in some patients may be related to inadequate dose to achieve complete antiplatelet effect as well as to the lack of inhibition of the clotting mechanism, while failure in warfarin-treated patients may be related to lack of inhibition of platelet function, particularly when the patient has hyperaggregable platelets. To begin addressing these issues, the present study attempted to determine whether aspirin at the dosage given in the SPAF study (325 mg/d) could completely inhibit platelet aggregation and to determine the state of platelet reactivity in patients taking warfarin.
Subjects and Methods
Twenty-four patients in the SPAF study at the University of Illinois at Chicago had platelet aggregation studies performed during a 10-month period. All epinephrine. Platelets were considered to be hyperaggregable if increased sensitivity to more than one agent and/or the presence of spontaneous aggregation was detected (Fig 1) . For patients taking aspirin, platelets showed partial inhibition when there was a full AA response, and/or the ADP response was normal, and/or epinephrine caused more than primary aggregation, and/or the collagen response was normal, slightly decreased, or decreased (Fig 2) . Platelets were considered to show complete inhibition if there was no AA response, the ADP response was less than normal, epinephrine and collagen responses were absent or markedly decreased, and spontaneous aggregation was not detected (Fig 3) . (Fig 2) , and 10 patients had complete inhibition of platelet aggregation (Fig 3) . Compliance ranged from 80% to 1% in these patients but was not always correlated with the degree of platelet aggregation inhibition. Three of 8 patients with less than 100% compliance had complete inhibition; 2 of 7 patients with greater than 100% compliance had partial inhibition of platelet aggregation.
Three of 7 patients taking warfarin had hyperaggregable platelets (Fig 1) ; 3 had normal platelet reactivity, and 1 had partial inhibition of platelet aggregation. Despite warnings to refrain from taking platelet-inhibiting agents while taking warfarin, we assume that the partial inhibition of platelet aggregation observed in 1 warfarin-treated patient resulted from inadvertent consumption of a compound containing aspirin or an aspirin-like agent.
Discussion
The Copenhagen AFASAK and the SPAF studies disagreed in their findings regarding the efficacy of aspirin compared with placebo for the prevention of stroke in patients with NVAF. 1,2 The latter study showed a superiority of aspirin in this regard, with nearly a 50% risk reduction in favor of aspirin. A potential reason for the difference in aspirin efficacy is that a different dosage of aspirin was used in the Copenhagen AFASAK study (75 mg/d versus 325 mg/d in the SPAF study). Neither study dosed aspirin with regard to biologic efficacy, ie, inhibition of platelet aggregation. Recent reports suggest that the ability of aspirin to affect platelet aggregation may depend on the dosage used as well as on the individual.9, 10 The results of the present study suggest that some patients in the SPAF study who took 325 mg/d of aspirin did not achieve complete inhibition of platelet aggregation as measured by the methods described in the present study. Whether the failure to achieve inhibition of platelet aggregation in these individuals is clinically significant for prevention of stroke is unknown at this time. Likewise, it is unknown whether those AFASAK study patients taking 75 mg/d failed to achieve inhibition of platelet aggregation.
The antithrombotic mechanisms of aspirin and warfarin are considered to be different. Whereas warfarin is considered to inhibit red clot (red blood cell fibrin-rich) formation in areas of stagnant flow in the atria or ventricle of the heart in a patient with NVAF, aspirin may be effective against white clot (platelet fibrin-rich) formation where there is concomitant atherosclerotic vascular disease of the carotid artery, mitral annulus calcification, or other endocardial damage.7,8 Platelet scintigraphy studies show active deposition of platelets on intracardiac thrombus.'1 Although in one study warfarin was shown to inhibit this process, it is not expected to affect platelet aggregation per se, and the effect of aspirin on this process has not been shown.'1 Hyperaggregable platelets were discovered in three of seven patients taking warfarin in the present study. While other studies have described alteration in hemostatic function and some platelet functions in patients with NVAF, we are unaware of any study that has shown platelet hyperaggregability to be present in these patients.12 Hyperaggregability of platelets may be indicative of a prothrombotic state that would not be expected to be relieved by or sensitive to warfarin therapy. 13 In other studies, aspirin has been shown to decrease platelet hyperaggregability described in patients with other risk factors for stroke.14-16 Whether those patients with atrial fibrillation on warfarin but with hyperaggregable platelets would require concomitant antiplatelet therapy for prevention of thromboembolism is unknown at this time. Likewise, it is unknown whether any of the patients assigned to aspirin therapy had hyperaggregable platelets before aspirin ingestion or whether the presence of such platelet hyperaggregability relates to the incomplete inhibition of platelet aggregation demonstrated in seven of the 17 patients in this study.
In summary, at our center, aspirin at the dosage used in the SPAF study (325 mg/d) did not completely inhibit platelet aggregation in all patients. This finding is similar to that found in another study in which dose escalation was needed (sometimes up to 1300 mg) to achieve inhibition of platelet aggregation.9 In addition, increased platelet reactivity (platelet hyperaggregability) may be present in some patients with chronic NVAF, and this aspirin-sensitive mechanism for platelet-dependent thrombus formation would not be affected by warfarin. We hypothesize that the presence of hyperaggregable platelets in warfarin-treated patients and lack of complete inhibition of platelet aggregation in aspirin-treated patients may be related to medication failure in these patients.
